We have analysed three large records of visual estimates of the magnitude of the recurrent nova T Coronae Borealis, spanning a time interval of nearly 40 years, from 1956 to 1995. We find in the light curve the well-known 227-d periodicity of the binary cycle. The brightness of the system declines with an average rate of '" 10-5 mag d -1. An oscillation, possibly periodic with a period of 9840 d, with an amplitude of 0.09 mag, is superposed on this linear fading. The brightness 'noise' level of the system is also modulated with this periodicity. The origin of the linear fading, as well as of the 9840-d brightness oscillations, is probably in or around the hot component, while most of the short term 'noise' fluctuations originate in the photosphere of the red giant star of the system. The 'noisy' regions seem not to be homogeneously distributed over the surface of the star. Comparison of the binary light curve with published radial velocity data indicates that the spin period of the giant is longer than the orbital period of the system. The visual luminosity of the hot component is between 0.09 and 0.4 of the luminosity of the red giant.
INTRODUCTION
The star T Coronae Borealis is classified as a recurrent nova based mainly on two major outburst events in its recorded history, one in the year 1866 and one in 1946. Within its small class of celestial objects it is a member of even smaller subclass of recurrent novae with a giant as the cool component in the underlying stellar system (Anupama 1995) . T CrB is presently at a centre of controversy concerning the nature of the hot component in the system, and the nature of the physical process that gave rise to its two historical outbursts. Webbink et al. (1987, and references therein) believe that the hot component is an accreting mainsequence star, and that the outbursts result from a sudden accretion of a large amount of material from the giant to the environment, and eventually to the surface of the mainsequence component. Selvelli, Cassatella & Gilmozzi (1992, hereafter SCG) think, on the other hand, that the hot component is a white dwarf (WD), and the outbursts were nuclear runaway events on the surface of this WD.
As an eruptive object in a binary system with a giant star as one of its component, T CrB has some basic characteristics in common with symbiotic stars, particularly with symbiotic novae. It is of general interest to understand why the characteristic outburst decay time of T Crb, which is a few tens of days, is different from that of the outbursts o( symbiotic novae, with typical decay time of hundreds or even thousands of days (Murset & Nussbaumer 1994) . According to the 'standard model' of the nova phenomenon, this difference is understood mainly as resulting from the difference in the mass of the WD in the system (Prialnik 1995) . Thus if a WD is indeed present in the T Crb system, it is expected to be a massive one, probably close to the WD mass limit.
Proper identification of the components in the T CrB stellar system, and the understanding of the physical processes that take place in it, are naturally related also to the broader question of the position of this star in the evolutionary track of stars and stellar systems in general (ct. Patterson 1984) . This is another reason why it has been the subject of many investigations.
The star is conveniently located in the Northern hemisphere for visual observations over a long observing season. Its present day average magnitude is 10.3, making it an easy target for an experienced observer to locate and to estimate its magnitude. Within less than one degree of arc near this star in the sky there are several neighbouring stars of apparent magnitude between 9.8 and 10.7 that are particularly convenient reference stars for magnitude comparison. T CrB is also a highly variable star, with a 113-d photometric periodicity with a peak-to-peak amplitude of about 0.16 mag (Yudin & Munari 1993 and references therein) . This makes it an especially appealing star for amateur observers. For all these reasons, there are now available literally thousands of determinations of the magnitude of the star, covering nearly 50 yr of the photometric behaviour of the star.
The richest data file ofT CrB magnitude estimates known to us is that of American Association of Variable Star Observers (AA VSO). We were fortunate to obtain also, through the kindness of the corresponding variable star associations, the files of the visual magnitude of the star compiled by the British Astronomical Association-Variable Star Section (BAA-VSS) and by the Association Francaise des Observateurs d'Etoiles Variabls (AFOEV, see next section). Here we report an analysis of these data, which we believe throws some new light on the nature of this enigmatic stellar system.
OBSERVATIONAL DATA
The major part of this work is the analysis of the AA VSO file of visual estimates of the magnitude of T CrB by members of this organization and other amateur observers (file A). It contains more than 52 000 observations, covering the time interval . In this paper we present the results obtained from this data source, which is by far the largest available to us.
A second data source is the BAA-VSS set of more than 9200 observations (file B), made in the years 1946-1993 by over 100 members of the association. Our power spectrum analysis of this file is performed mainly on the observations made in the period 1954 to 1993. The earlier observations are scarce, and include the declining branch of the light CUlVe (LC) of the star from its 1946 outburst and a second maximum in its brightness (Pettit 1946) . Around 1954 the star reached a quasi-stable stage of photometric quiescence, which lasts up to the present time. Our analysis is concerned with that phase in the life history of the star. All the results obtained from this data file agree well with those obtained from the larger data file A. Being independent observations, file B data provide an independent check on the validity of deductions from the analysis of file A.
A third data source is the AFOEV data set, including more than 7800 visual observations. these cover the period 1973 to 1995 by almost 200 variable stars observers, mainly from continental Europe. Most of these data points are included in the AA VSO data set, therefore their analysis does not give independent results. When considered as a file by itself, however, these data give results that are consistent with those obtained from the entire file A.
Most observers in all three data sets used the stars nearby to T CrB, mentioned above, as their standard reference stars.
A fourth source of observational data is the set of UBV photoelectric measurements by Hric et al. (1992) and Sko-pal et al. (1992) (file E). This set contains only 41 data points, covering merely some 1570 d, between JD 47969 and 49540. Its importance lies in the fact that it provides measurements that are independent of the neighbouring reference stars used in the visual observations of magnitude estimates. In Section 3.3 we shall make an important use of this data set.
The upper panel in Fig. 1 is the LC obtained from file A by binning the observed points into 5150 bins of equal number (10) of consecutive data values. All bins are no wider than 10 d. We have eliminated from our analysis 197 bins that have less than 10 points within 10 d. The results are unchanged when these bins are included. We call this procedure an isonumeric binning.
3 DATA ANALYSIS
Long-term variability
The straight line in the upper panel of Fig. 1 is the linear trend in the LC of T CrB, fitted by using the least squares method to the data points. From its slope, we obtain over the period JD (24) 37000-50000 an average fading rate of 9.89 x 10-6 mag d-1 • The same slope is obtained when a linear trend and a sine wave with a period of 9840 dare simultaneously fitted to the data (see below). With the bootstrap technique (Efron & Tibshirani 1993 ) on a sample of 1000 pseudo-light curves, we have estimated at a better than 99 per cent confidence level an uncertainty of ± 1.0 x 10-6 mag d-\ or less, in the derived value of the fading rate. Further independent confirmation of this value comes also from file B, in which the corresponding decline rate is 1.23 x 10-5 mag d -1. Based on these numbers we take as the best estimate for /1, the average secular fading of the star over this period, the value: Fig. 2 consists of the two sidelobes that are created around the 1-yr cycle in the observations, by the 9840-d periodicity in the observed LC of the star. Since the observed data cover only slightly more than 1.25 cycles of the 9840-d time interval, one can hardly claim that the variation on this time-scale is strictly periodic. It has an approximate structure of a sine wave of this periodicity, with some contribution from an oscillation mode with a periodicity of ~4500 d, which could be the first harmonics of the pronounced 9840-d variability. The ~4500-d variation is also apparent in Fig. 2 as the small spike immediately to the right of 9840-d feature in the PS. The amplitude of the 9840-d variation is 0.09 mag.
The 227-d period
The second highest peak in the PS shown in Fig. 2 corresponds to the period 113.766 d. The two lower peaks at equal distances from it on both sides, correspond to the two 1-yr aliases of this periodicity. The 113-d periodicity is half the value of the well-known binary period of the T CrB stellar system [Kenyon & Garcia 1986 (KG) and references therein]. This peak is a many-u feature above the noise of the PS, and there is no question about its significance. By using the bootstrap technique (Efron & Tibshirani 1993) we The two minima in the 227-d LC do not coincide with the phases of spectroscopic conjunction. KG give T=JD 31933.83 as the epoch of spectroscopic conjunction, when the hot star is in front. In their convention, our phase o photometric minimum occurs at phase 0.5077, corresponding to a 1.7-d delay time, while the other one is at phase 0.021, i.e. some 4.8 d after the corresponding spectroscopic conjunction. The 4.8-d delay is larger than the above estimated error in the epochs of the minima, and also larger than the quoted probable error in the phase of spectroscopic conjunction.
Association of the 9840-d variation with T CrB
The visual magnitude estimate of a variable star is normally made by amateur observers relative to the magnitude of one or more reference stars. We have been concerned about the possibility that the long-term variability that is apparent in the visual data, in particular the 9840-d oscillation, may be a result of variations in one of the reference stars, rather than to T CrB itself. Here we show that this is an unlikely possibility.
File E, mentioned in Section 2, contains 41 photoelectric V measurements of T CrB, taken along a time span of represent the photometric behaviour of T CrB itself. In particular they are independent of all the reference stars that serve the visual observers. The slope of a line fitted to these data points by the least squares method is 8.6 x 10-5 mag d -I. The slope of a straight line, fitted by the least squares method to the 1081 points of file A that lie within the same time interval is 8.1 x 10-5 mag d-I • Thus it appears that during the time interval covered by the photoelectric measurements, the variations in the two independently measured LCs of the star, file A and file E, are practically indistinguishable, at least in the linear approximation. It implies that the long-term variability detected in file A is a feature of T CrB itself, and not of one of its reference stars.
Short-term fluctuations
T CrB is known to exhibit light variations on short timescales (Walker 1957 (Walker , 1977 Bianchini & Middleditch 1976) . In this work we treat these variations as noise, and here we consider whether or not there is some dependence of this noise on the phase of either of the two photometric periodicities of the system.
We consider again file A, and remove from it the linear trend, the 9840-d variation (with the approximation of a sine wave with this period), and the 113-d periodicity. We now bin all the data points of the residuals into 5150 isonumeric bins, each one contains 10 consecutive observed points. We consider only bins that are no wider than 10 d (see Section 2). In each bin we now calculate the average magnitude and the standard deviation (StD) of the 10 values. The nature of nova T Coronae Borealis 637 the low-frequency end of the spectrum, as well as a significant double peak around the 352-d and the 379-d periodicities, the two interference patterns of the 1-yr cycle with the 9840-d period (see Section 3.1). The -4500-d spike is also seen to the right of the large rise in the red end of the PS. Unlike Fig. 2 , however, there is in Fig. 4 no other noticeable feature in the PS. In particular the large peak seen in Fig. 2 at the frequency corresponding to the 113-d period, and its two 1-yr aliases, are almost entirely missing in Fig. 4 . The 113-d periodicity does appear, however, as a weak feature in Fig. 4 , very much lower than the 9840-d peak and its aliases. Arrows in the figure indicate the position of the binary period PB frequency, and of its first harmonic, the 113-d frequency.
The lower panel of Fig. 1 is the plot of the TS of the 5150 values of the StD parameter. It is almost a vertical mirror image of the upper panel. We can also decompose it into a linearly increasing trend, in direct opposition to the linear decline of the LC, and a nearly sinusoidal 9840-d variation, at strict antiphase to the 9840-d brightness variation. The amplitude of the oscillatory variation in the value of the StD parameter is 0.033 (see Fig. 1 ). Traces of the -4500-d variation are also seen in the lower panel of Fig. 1 , anticorrelated with the corresponding traces in the upper panel.
Thus the value of the StD parameter is strongly negatively correlated with the visual brightness of the star. This correlation is shown directly in Fig. 5 , where we plot the StD versus the average magnitude value in all bins of the isonumeric presentation of file A. The straight line in the figure, fitted to the data points by using the least squares method, has a slope of 0.224. With the bootstrap technique (Efron & Tibshirani 1993) we established, at a better than 99.9 per cent confidence level, an uncertainty of less than linear regression of the SID on the magnitude values. When we remove the 113-d variability from both parameters, the correlation coefficient takes the value 0.53. The correlation coefficient has a relatively low value because of the large scatter of the data points, clearly seen in the figure. This, in turn, is mainly because of the relatively large statistical noise that naturally accompanies measurements by eye estimations by hundreds of different observers. There is however little doubt about the very presence of correlation between the StD and the magnitude values, seen in the positive slope of the distribution of the points in Fig. 5 . Note also that by definition, all the bins in our isonumeric presentations have the same number of points in them. Therefore, the apparent variation in the standard deviation value cannot be because of the variation in the number of points in our bins. As a test of the reality of the correlation that we find between the noise and the magnitude of T CrB, in particular of the possibility that it is in fact an artefact of the data collection technique of magnitude eye estimate, we looked for a similar effect in another two stars for which we have a comparable bank of visual magnitudes. Formiggini & Leibowitz (1994) have analysed a 98-yr time series of visual magnitude estimates of a symbiotic star Z And. This star shows a 654-d period oscillation in its LC. When we bin the observed LC of this star into bins with equal number of points (5), we find no trace of this periodicity in the PS of the corresponding StD values.
A similar analysis was applied to the visual LC of the symbiotic nova RR Tel. Dr Frank M. Bateson has kindly provided us with observations of this star by members of the variable-star section of the Royal Astronomical Society of New Zealand, covering the period 1948 November-1995 March. We have computed the PS of the LC in the time interval JD 243 4000-244 2000, during which the star was in a stable quiescence state. The PS reveals a 367-d periodicity, which is in the range of the well-known quasi-periodic oscillations of the Mira component in this binary system (e.g. Feast et al. 1983) . No periodicity is apparent, however, in the noise of this system. In particular, in the PS of the StD parameter that was computed as in the T CrB case, there is no peak corresponding to the 367-d periodicity.
The lower panel of Fig. 3 is the time series of the 5150 StD parameter values, folded on to the binary period of the system. The amplitude of this variation is 0.0044. Note in Fig. 3 , that unlike the 9840-d variation, the 113-d (or 227-d) periodic variation in the value of the StD is not at antiphase to the brightness variation on this period, having altogether a different cycle structure.
We tested the significance of the structure of the StD binary cycle, as obtained by our binning procedure, by creating an average cycle in a similar, but not identical, way. We removed from file A the linear trend and the 9840-d variability, and folded the LC on to the binary period. We then binned all 52 647 data points into 36 equally wide bins, that cover the 0-1 phase-space of the binary cycle. In each bin we computed the average magnitude and the StD values. Note that in this procedure, the StD value is computed with respect to binning in phase space, while in the previous approach, the binning is performed along the time axis. The folded binary LC and SID curves that are obtained in this way are practically identical to the curves presented in Fig.   3 .
DISCUSSION

Secular fading
From the year 1954 up to the present time, the average magnitude (over a few hundred days) of T CrB seems to be fading at a constant rate fl, given in Section 2.1. This follows the first eight years after the recent outburst of the recurrent nova in 1946, during which the star had a secondary maximum and the fading rate was larger and varying. We should point out, however, that owing to the apparent 9840-d variations in the brightness, the separation of the 40-yr visual LC of the star into a linear trend and a sinusoidal oscillation may be artificial. Future long-term photometric behaviour of the star will prove whether or not this separation is indeed of physical significance. Duerbeck (1992) determined, from a sample of 21 old classical novae, a mean value of lOA mmag yr-l for the decline rate of the visual magnitude of these objects, with a large range of dispersion. The fading rate of T CrB given in Section 2.1 is 3.6 mmag yr-l, but in T CrB, most of the optical radiation is that of the cool companion, while in classical novae, the contribution of the red dwarf companion to the visual luminosity is presumably small (e.g. V603 Aql, HR Del, RR Pic - Kenyon & Webbink 1984) .
Let M be the apparent magnitude of the system which has the luminosity L + I in the visual band. L is the visualluminosity of the cool giant and I is that of the fading component in the system. Let m be the magnitude of this component.
In T CrB, most of the light in the visual band is the red giant light. This is evident in the spectrum of the object that longward of A. = 4000 A is that of a typical M star (e.g. fig. 1 in KG). These authors also state specifically that the M-type absorption features are quite strong in the spectrum of the system. They do mention the possibility of some veiling that might have distorted their V sin i measurements. In view of our result of Section 3.2, implying a slow rotation of the giant (see Section 4.2), which is consistent, at least qualitatively, with KG measurements, it would appear that veiling is indeed small. SCG also estimate that the hydrogen f-f and b-f transitions contribute less than 10 per cent to the continuum emission in the long wavelength range of the IUE telescope. In the visible region their relative contribution would be even less.
It therefore appears that in the visual band the LC is mostly that of the M giant. This put a roughly estimated difference of 2 mag between the red giant brightness and the brightness of other possible contributors to the luminosity of the system in the visual band. An upper limit of about 2.6 mag to this difference is implied by the amplitude 0.09 mag of the 9840-d oscillations (see Section 4.3). For a magnitude difference of2 and from the above formula we obtain the value of ~ 23 mmag yr-l for the decline rate of the fading component in the system of T CrB. This puts T CrB among the fastest declining objects of all old novae that are older than 20 yr after outburst. CP Pup is the only nova with a declining rate larger than this value, and DO Her has a similar declining rate (Duerbeck 1992) . If the brightness difference between the giant and the fading component is just 1 mag, the decline rate is ~9 mmag yr-1 •
The binary period
The binary period that we derive for T CrB, 2PJ = 227.532 d, agrees very well with the spectroscopic value of 227.53 d, as derived by KG. The epochs of minimum light, however, are significantly delayed with respect to the corresponding spectroscopic conjunctions as given by these authors, one by 1.7 and one by 4.8 d (Section 3.2) .
The origin of the photometric double hump binary cycle is believed to be the ellipsoidal effect, the distortion of the M giant in the system by the gravitational pull of its companion (e.g. Cannizzo & Kenyon, 1992) . Within this interpretation, the lag of the light minima behind the corresponding spectroscopic conjunctions can be understood if the rotation of the giant is not synchronous with the orbital revolution. If its spin period is larger than the orbital period, the tidal distortion wave on its surface, generated by the gravitational pull of the companion, will lag behind the interbinary radius vector (Lecar, Wheeler & McKee 1976 ). This result is consistent with KG finding, that the rotation of the giant is slower than expected for synchronous rotation in the system. According to the theory developed by Zahn (1977) the lack of corrotation implies that the M giant in the T CrB system has evolved rapidly up the giant branch, on a time-scale shorter than 10 4 yr (KG).
The difference in the delay times of the two minima, as well as the general asymmetry in the photometric binary cycle of T CrB (Fig. 3) , may possibly be interpreted as resulting from a combination of the tidal distortion of the asynchronous rotating giant in the system, and the reflection of hot component radiation from its surface. Such an interpretation should naturally be substantiated by a detailed model, which, however, we do not attempt to make in this work.
The two major visual light sources in the T erB system
The visual LC of T CrB along the last 40 years may be characterized by the following four types of variation. There is a general agreement that the origin of the first component is in the red giant of the system. The double hump 227-d cycle is the ellipsoidal effect of the distorted surface of the giant, which is the major light source in the system in the visual bandpass (see Section 4.2)
We believe that the origin of the linear fading trend, as well as of the long-term, 9840-d variability of T CrB, is not in the M giant of the system. It is probably in or near the hot component, possibly in an accretion disc around it. The origin of the fourth component, the noise, is again on the surface of the cool star.
The last claim stems from the outcome of our analysis in previous sections that shows that the noise of the system, in units of magnitude, is linearly increasing in time, in direct proportion to the linear fading of the system, and that it is strongly modulated with the 9840-d photometric variation. The noise is at the same time only slightly modulated in the binary, or half the binary cycle (see Fig. 4 ). The weak binary modulation of the noise indicates that the amplitude of the noise, in units of flux, is well correlated with the binary brightness variation of the system, in periodicity, as well as in phase. In particular, near maximum light of the binary cycle, the noise is at a maximum level as well, and near minimum light, the noise is minimal. With such a behaviour, the amplitude of the noise, relative to the brightness of the star, remains nearly constant, i.e. the noise level in magnitude units is modulated only to the extent that the two parameters are out of strict correlation. This will be the case when the noise originates on the same stellar surface that gives rise to the ellipsoidal effect. The level of the apparent noise, much like the brightness of the star, will then be proportional to the size of the stellar surface area facing the observer.
On the other hand, the linear increase in the noise level and its strong modulation on the 9840-d time-scale, in anticorrelation with the brightness of the system, are consistent with the notion, that the noise in flux units is constant on this time-scale, while the brightness linear decline and the 9840-d variability originate at a second, uncorrelated light source in the system. On the background of this second, varying light source, the constant flux noise, seems to vary in magnitude units, in the opposite direction.
The fact that the light variations of the star on the two different time-scales, the 113 d and the 9840 d, originate at two distinct light sources in the system, also creates an apparent dependence of the measured amplitude of each one of them on the phase of the other. Thus, when we consider only the data points that fall around the minimum epochs of the 9840-d variability, e.g. We therefore tend to believe that in T CrB, the origin of the 9840-d variability is not in oscillations, or in any other type of photometric variations of the red giant of the system. It is in the hot component of T CrB and therefore it may give us a new clue to the nature of this object. One may speculate that this variation is caused by the outer rim of a precessing disc, in which case it is expected to be periodic or quasi-periodic, or by some other element that characterizes the internal structure of the hot component. Another possibility is that light variations of the hot component do reflect some type of small oscillations of the giant, which are too small to affect its visual luminosity in a directly observable manner. As a Roche-lobe filling star, however, even small internal pulsations of the giant may give rise to periodic variations in the mass-transfer rate in the system, and hence to the luminosity of the hot component. This interpretation may be found consistent with the reports by Walker (1957 Walker ( , 1977 , Bianchini & Middleditch (1976) and Oskanyan (1983) about the presence of flickering in the U LC of the star at some epochs, together with reports by the last two sources about the absence of such rapid variations at some other epochs. The origin of the 9840-d variability may also be in a light source that does not take part in the binary revolution, such as a light-emitting outer envelope of the system.
In Section 3.4 we showed that there is some variation of the StD parameter in the 227-d periodicity. The amplitude of this variation is merely 13 per cent of the 9840-d variability but it is statistically significant. It is not in antiphase to the 227-d brightness variation (Fig. 3) , therefore the interpretation given to the 9840-d StD variation is not applicable to it. The double hump structure of the binary StD curve suggests that the variability of the noise is not contributed by light from the hot component, but rather that it also originates on the surface of the giant. We may hypothesize that it is a reflection of some systematic variation in the level of the surface noise along the major axis of the distorted, ellipsoidal giant of the T CrB system.
From the lack of apaprent deviations in the visual spectrum of T CrB from a pure spectrum of an M giant we estimated that the red and visual luminosity of any additional light source in this stellar system is fainter than the giant by some 2 mag. If we assume that the 9840-d variability is a 100 per cent modulation of such an additional light source, we obtain a lower limit to its visual luminosity. The 0.09-mag amplitude of this variation implies that this source cannot be fainter than the giant by more than 2.6 mag. For a giant luminosity of ~ 30 L0 at optical wavelengths (Cannizzo & Kenyon 1992), the lower limit of the luminosity of the modulated light source in this spectral range is therefore 3 L 0 . If the visual brightness of this component is just 1 mag fainter than the giant, the amplitude of its 9830-d variation, relative to its own visual luminosity, is 0.22 mag.
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